1. Introduction
===============

The corticoreticulospinal tract (CRT) is mainly involved in gait function by controlling proximal and axial muscles.^\[[@R1]\]^ The introduction of diffusion tensor tractography (DTT), which is derived from diffusion tensor imaging (DTI), has enabled three-dimensional visualization and estimation of the CRT in the live human brain.^\[[@R2]\]^ Recovery of an injured CRT in patients with intracerebral hemorrhage and cerebral infarct has been reported in a few studies^\[[@R3]--[@R5]\]^; however, it has not reported in patients with subarachnoid hemorrhage (SAH) so far.

In this study, we attempted to demonstrate the recovery process of injured CRTs in a patient with SAH, which was demonstrated on follow-up DTTs.

2. Case report
==============

A 56-year-old right-handed male patient was diagnosed as spontaneous SAH and intraventricular hemorrhage (IVH) and underwent clipping for a ruptured anterior communicating artery aneurysm and right frontal extraventricular drainage for IVH at the department of neurosurgery of a university hospital. The CT images at onset show SAH and IVH (Fig. [1](#F1){ref-type="fig"}A). After 1 month from onset, he was transferred to the rehabilitation department of the same university hospital for rehabilitation. Brain MR images at 1 month showed leukomalactic lesions in both prefrontal areas (Fig. [1](#F1){ref-type="fig"}B). He presented with complete weakness of both legs (Medical Research Council \[MRC\]: 0/0) (Table [1](#T1){ref-type="table"}).^\[[@R6]\]^ Comprehensive rehabilitative therapy was administered until 3 months after onset, which included neurotropic drugs (dopaminergic drugs \[ropinirole, amantadine, and levodopa\] and methylphenidate), movement therapy, and neuromuscular electrical stimulation of both knee extensors and ankle dorsiflexors. Movement therapy focusing on improvement of function of both legs and trunk was conducted five times per week in our physical and occupational therapy department. His rehabilitation was continued at a local rehabilitation hospital until 11 months after onset. The weakness of both legs showed slow recovery for 10 months until 11 months after onset (MRC: 6 months; 3/3 and 11 months; 4/4) (Table [1](#T1){ref-type="table"}). As a result, he was able to walk independently on an even floor at 6 months and on stairs at 11 months after onset.^\[[@R7]\]^ The patient provided informed consent, and the study protocol was approved by our institutional review board.

![(A) Brain CT images at onset show subarachnoid hemorrhage and intraventricular hemorrhage. (B) T2-weighted MR images at 1 month show leukomalactic lesions in both prefrontal areas. (C) On 1-month DTT for the CRT, both CRTs show discontinuation at the corona radiata level (green arrows) with partial tearing at the midbrain level (blue arrows). However, both discontinued CRTs were restored to the cerebral cortex on 3-month DTT, and then thickened consecutively on 6-month and 20-month DTTs. CRT = corticoreticulospinal tract, DTT = diffusion tensor tractography.](medi-97-e13401-g001){#F1}
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Longitudinal changes of motor function in the patient.

![](medi-97-e13401-g002)

2.1. Diffusion tensor tractography
----------------------------------

DTI data were acquired four times (1, 3, 6, and 20 months after onset) using a sensitivity-encoding head coil on a 1.5-T Philips Gyroscan Intera (Hoffman-LaRoche Ltd, Best, The Netherlands) with single-shot echo-planar imaging and navigator echo. Imaging parameters were as follows: acquisition matrix = 96 × 96; reconstructed to matrix = 192 × 192 matrix; field of view = 240 × 240 mm^2^; repetition time = 10,398 ms; echo time = 72 ms; parallel imaging reduction factor = 2; echo-planar imaging facto = 59; b = 1000 s/mm^2^; and a slice thickness of 2.5 mm. Fiber tracking was performed using the fiber assignment continuous tracking algorithm implemented within the DTI Task Card software (Philips Extended MR WorkSpace 2.6.3). Each DTI replication was intra-registered to the baseline "b~0~" images to correct for residual eddy-current image distortions and head motion effect, using a diffusion registration package (Philips Medical Systems). For analysis of the CRP, it was reconstructed using fibers passing through two regions of interest (ROIs) on the color map. The first ROI was placed on the reticular formation of the medulla, and the second ROI was placed on the tegmentum of the midbrain. The termination criteria used for fiber tracking were fractional anisotrophy \< 0.1, angle \< 27°.

On 1-month DTT for the CRT, both CRTs showed discontinuation at the corona radiata level with partial tearing at the midbrain level. However, both discontinued CRTs were restored to the cerebral cortex on 3-month DTT, and then thickened consecutively on 6-month and 20-month DTTs (Fig. [1](#F1){ref-type="fig"}C).

3. Discussion
=============

In this study, change of the injured CRTs on DTT with the recovery of leg weakness was evaluated in a patient with SAH. At the start of rehabilitation, we found that both CRTs were partially torn at the midbrain level and discontinued at the corona radiata level. Considering the results of a recent study showing that the CRT injury following SAH was related to weakness in the contralateral proximal and leg muscles, this patient\'s severe leg weakness was ascribed to bilateral injuries of the CRTs.^\[[@R8]\]^ In addition, because both CRTs were partially torn at the midbrain level, it appeared that both CRTs were injured mainly by SAH. We think that this result is also consistent with the result of a recent study which demonstrated that the midbrain is the most vulnerable area for the CRT following SAH.^\[[@R8]\]^

We believe that the motor function of both legs was recovered by the brain plasticity, for the following reasons. At the start of rehabilitation at 1 month after onset, both legs showed complete weakness and both CRTs were discontinued at the corona radiata level. The motor weakness of both legs recovered slowly during 10 months' rehabilitation from 1 to 11 months after onset to the extent that he was able to move against gravity (MRC: 4/4). As a result, the patient had recovered his ability to walk independently on an even floor at 6 months after onset and on stairs at 11 months after onset. Both discontinued CRTs were connected to the cerebral cortex at 3 months after onset and thickened consecutively with the passage of time. This mode of recovery indicates that the motor recovery of the affected legs could be ascribed to plastic change of the injured CRTs, and not to the resolution of local factors such as edema.^\[[@R9],[@R10]\]^

Since the introduction of DTI, the recovery of an injured CRT has been demonstrated in a few studies using DTT.^\[[@R3]--[@R5]\]^ In 2013, Yeo and Jang^\[[@R3]\]^ reported on a patient with intracerebral hemorrhage who presented with recovery of a discontinued CRT through the normally existing pathway of the CRT to the cerebral cortex. Subsequently, a patient with intracerebral hemorrhage showed recovery of an injured CRT connected to the unaffected hemisphere via transcallosal fibers.^\[[@R4]\]^ A recent study reported on a patient who showed peri-infarct reorganization of an injured CRT following a middle cerebral artery territory infarct.^\[[@R5]\]^ As a result, to the best of our knowledge, this is the first study to demonstrate the recovery process of bilaterally injured CRTs following SAH.

In conclusion, the recovery process of injured CRTs concurrent with recovery of leg weakness was demonstrated in a patient with SAH. This study has important implications in terms of regaining gait function by the recovery of bilaterally injured CRTs which was facilitated by the long-term rehabilitation. However, this study is limited because it is a single case study. Conduct of further studies including larger case numbers is warranted. In addition, conduct of studies on rehabilitation strategies to induce or facilitate this recovery mechanism should be encouraged, and further studies on other recovery mechanisms following injury of the CRTs are also needed.
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